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Crenshaw, John G., M.S., August 1985 Wildlife Biology
Characteristics of bald eagle communal roosts in Glacier National 
Park, Montana
Director: 8. Riley McClelland
Habitat characteristics and use patterns at bald eagle 
(Haliaeetus leucocephalus) communal roosts in Glacier National 
Park, Montana, were documented during 1980-1982. Observation of 
bald eagle flight paths, and determination of nighttime locations 
of transmitter-equipped eagles were used to identify roost sites. 
The Lakeshore Roost, adjacent to Lake McDonald, was a staging area 
for eagles enroute to the largest roost (Fish Creek). Upper 
canopy trees in Fish Creek Roost and a minor roost, Apgar 
Mountain, were larger and in denser stands than those in a major 
feeding perch site adjacent to lower McDonald Creek. Old-growth 
western larch (Larix occidental is) was the major tree component in 
both roosts, but lodgepole pine (Pinus contorta) was the dominant 
tree species in the major feeding perch site.
Weather instruments placed in the upper forest canopies showed 
that the Fish Creek Roost was warmer, but windier than a major 
feeding perch site. Although an eagle staying overnight in Fish 
Creek Roost in 1981 would have accrued a mean metabolic energy 
saving of 4.1 kcal (1%), as compared to an eagle remaining in the 
feeding perch site, the saving was insufficient to offset the 
energy cost from the 4 km flight to roost.
Peak roost flight counts for the Fish Creek Roost in 1980 (237), 
1981 (348), and 1982 (199) occurred between early and 
mid-November. Peak evening roost flight counts averaged 61% of 
the peak censuses of all eagles at the concentration. Peak roost 
flight counts of subadult eagles were lower and occurred earlier 
in the autumn than peak counts of adults. Peak numbers of 
subadults flew to roost earlier in the evening and departed 
earlier in the morning than did adults. Roost arrivals generally 
occurred earlier and departures later under cloudy conditions.
Sound management of communal roosts in Glacier National Park 
will require site-specific management plans. Restrictions on 
visitor access should provide for the security of bald eagles by 
decreasing potential disturbance and subsequent energy loss.
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PREFACE
This thesis is divided into two chapters, each prepared for 
publication in the format of a targeted journal. Chapter I deals with 
the vegetative and micrometeorologic characteristics of the forest 
stands of two bald eagle communal roosts and a major feeding site in 
Glacier National Park, and was written for submission to the Journal of 
Wildlife Management. Chapter II reports on the variation in total 
numbers, and arrival and departure patterns of bald eagles using roosts. 
It was prepared for submission to The Condor.
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CHAPTER I
COMMUNAL ROOST ENVIRONMENTS AND BALD EAGLE METABOLIC ENERGY REQUIREMENTS
IN GLACIER NATIONAL PARK. MONTANA
INTRODUCTION
Migrating bald eagles (Haliaeetus leucocephalus) have congregated 
along lower McDonald Creek in Glacier National Park, Montana, each 
autumn since at least 1939, attracted to spawning runs of non-native 
kokanee salmon (Onchorhynchus nerka). A maximum day count of 639 eagles 
was recorded on 11 November 1981 (McClelland et al- 1982). Salmon are 
available from early October through early December, after which the 
eagles continue their migration southward from Glacier, Each evening 
during the concentration most eagles fly to communal roosts in forest 
stands as far as 4 km from feeding areas along lower McDonald Creek.
The functions of communal roosts have received much discussion 
based on research on a variety of species. Fleming (1980) listed four 
possible functions of communal roosts: (1) provide protection from
predators (Lack 1968, Gadgil 1972, Post 1982), (2) serve as 
information-centers for the exchange of knowledge about the location of 
patchy food resources (Ward 1965, Hamilton and Gilbert 1969, Siegfried 
1971, Zahavi 1971, Newton 1972, Ward and Zahavi 1973, Broom et al. 1976, 
de Groot 1980), (3) act as a mechanism for the adjustment and regulation
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
of population size in relation to resources (Wynne-Edwards 1962), and 
(4) provide physiological advantages such as savings in metabolic energy 
(Kendeigh 1944, Brenner 1965, Francis 1976, Gyllin et al. 1976, Kelty 
and Lustick 1977, Yom-Tov et al. 1977, Walsberg and King 1980). 
McClelland et al. (1982) listed an additional possible function that 
roosts may perform: facilitate interaction that is fundamental to the
synchronization of migration departures (Meinertzhagen 1956, Swinebroad 
1964, Richardson and Haight 1970, McIntyre 1978).
Research on communal roosts of bald eagles has shown that some 
roosts provide protection from wind and maintain higher temperatures and 
lower radiation loss than adjacent areas (Keister 1981, Stalmaster 
1983). The characteristics of forest stands comprising bald eagle 
communal roosts have been described quantitatively in Missouri (Griffin 
1978), Oklahoma (Lish 1973), Oregon and California (Keister 1981,
Keister and Anthony 1983), South Dakota (Steenhof 1980), Washington 
(Hansen et al. 1980), and the Pacific Northwest (Anthony et al. 1982).
As a result of the listing of the bald eagle as an endangered 
species in 1978 and the continued loss of historical eagle habitat 
throughout North America, the bald eagle concentration in Glacier 
National Park has received increasing attention. Because large numbers 
of eagles concentrate in communal roosts that occupy relatively small 
areas, roosts need special management consideration to prevent habitat 
changes or disturbance that would alter their value to eagles. Sound 
management can be based only on a detailed understanding of the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
locations and structure of roosts, and of the characteristics that make 
roosts different from other forest stands.
The objectives of my study were to:
1. Locate the communal roosts of bald eagles in Glacier 
National Park.
2. Compare the habitat characteristics of the forest 
stands at roosts with those at adjacent sites and at a 
major feeding perch site along lower McDonald Creek.
3. Identify differences between the microclimates and 
bald eagle energy requirements in the largest communal 
roost and a major feeding site in 1981 and 1982.
The null hypotheses were:
Hg: There are no significant differences between the mean
characteristics of forest stands in bald eagle roosts and 
in a major feeding perch site in Glacier National Park.
Hg: There are no significant differences between mean
nightly temperatures, windspeeds, and metabolic energy 
requirements in the largest roost and a feeding perch 
site in 1981 and 1982.
Hg: Vegetative characteristics cannot be used to
discriminate between communal roosts and a feeding perch site 
with 95% correct classification.
Hg: Temperature and windspeed cannot be used to discriminate
between a communal roost and a feeding perch site in 1981 and 
1982 with 95% correct classification.
Hg: Bald eagle metabolic energy requirements cannot be used
to discriminate between a communal roost and a feeding perch 
site in 1981 and 1982 with 95% correct classification.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
STUDY AREA
This study was conducted in the southwestern portion of Glacier 
National Park, Montana, 25 km west of the Continental Divide (Fig. 1). 
The study area lies at the southwestern end of the glaciated Lake 
McDonald valley, at a mean elevation of 960 m. Research was 
concentrated in an area of approximately 5-km^ along the southwest end 
of Lake McDonald and the 4 km length of lower McDonald Creek to its 
confluence with the Middle Fork of the Flathead River. Feeding activity 
of bald eagles occurred along the entire length of the creek, but was 
most intense from the outlet of the lake to a bend in the creek 1 km 
downstream, Salmon spawn in large numbers in this stretch. Visitor 
access to lower McDonald Creek was restricted to one viewing area (Apgar 
Bridge) from mid-October to mid-December to avoid disturbance to eagles.
Vegetation in the study area has been influenced by wildfire; 
there are extensive remnant stands of old-growth western larch (Larix 
occidental is) (McClelland 1973). The vegetation of the area has been 
described in detail by Habeck (1970), and relative to use by bald eagles 
by Shea (1973). The climate of the area is affected by Pacific weather 
systems, often resulting in cool, moist, and cloudy conditions (Dightman 
1961).
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Figure 1. Glacier National Park, Montana, and location of study area.
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METHODS
Location of Roosts
Review of Previous Research.— Progress reports, theses, monthly Ranger 
reports, and other literature were examined for evidence of communal 
roost locations.
Visual Observations.— To identify changes in intensity of use of 
previously known sites and to locate new roost sites, destinations of 
eagles flying to roost were determined by observation during the autumns 
of 1981 and 1982. Roost locations were plotted on topographic maps and 
aerial photographs (1:24000). A canvas blind was constructed at 20 m 
height in a lodgepole pine (Pinus contorta) to provide a relatively 
unobstructed view of the center of the most heavily-used roost. This 
enabled estimation of intensity of use in that vicinity.
Telemetry.— Five bald eagles that were captured and equipped with 
tail-mount radio-transmitters in the autumn of 1982 were monitored for 
roost locations in an attempt to test the validity of the mapped roost 
boundaries. Telemetry locations were obtained from 22 October to 18 
November by triangulation from two fixed antenna stations at 150 m and 
620 m above the valley floor. Azimuths to each transmitter signal were 
determined synchronously from both sites at least two hours after dark 
using Telonics receivers, digital processors, and precision 
direction-finding antenna arrays mounted on mast stands holding
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
compass-rose assemblies. Due to transmitter signal obstruction 
(bounce), which can occur in mountainous terrain, mean deviation of 
multiple readings taken from each antenna station to beacon transmitters 
was used to establish error limits of azimuths to transmitter-equipped 
eagles (Heezen and Tester 1967, Springer 1979, Hupp and Ratti 1983).
Transmitter locations were plotted on maps first as discrete points 
and then as error polygons (Heezen and Tester 1967, Springer 1979).
Where overlap occurred, the set of error polygons for each eagle was 
plotted as one. In all cases the isolated and pooled polygons are shown 
with rounded perimeters (modified error polygons) to simplify the 
representation. Error polygons were later transferred to maps upon 
which a square grid pattern was drawn (grid size = 195 m x 195 m). Each 
grid within which a portion of the polygon passed was included In a "use 
zone" to display intensity of use by roosting eagles.
Forest Characteristics
Vegetation in the largest roost (Fish Creek [FCR]) and in a smaller 
roost (Apgar Mountain [AMR]) was sampled by establishing the maximum 
number of transects possible 100 m apart within the forest stand in a 
northwest-southeast direction, parallel to the mean aspect. Points at 
100 m intervals were sampled randomly using the point-centered quarter 
method (Cottam and Curtis 1956). A sufficient number of sampling points 
were established to achieve an allowable error associated with tree 
density of approximately 15% at the 0.05 level of significance. Trees
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
of the upper canopy (> 30.5 cm diameter at breast height [dbh]) and the 
lower canopy (12,0-30,5 cm dbh) were measured. Distance from the 
sampling point, species, dbh, and height (with a Spiegel Relaskop) were 
recorded for the nearest tree in each quarter. Heights of upper canopy 
trees were grouped into four classes: 1 = 0-23 m, 2 = 24-30 m, 3 =
31-38 m, 4 = 39-46 m (Keister 1983), A classification for ponderosa 
pine (Pinus ponderosa) (Keen 1943) was modified to group large trees of 
all species sampled (> 30.5 cm dbh) into classes based primarily on 
structural characteristics of the tree crown (Fig, 2), This was similar 
to the classification used by Keister and Anthony (1983), Aspect and 
percent slope were recorded for each point sampled.
In forested areas in the McDonald Creek Feeding Perch Site (FPS) 
and adjacent to roost sites, the same variables as above were measured, 
but fewer samples were taken due to time limitations. In the FPS, 
starting at its northwest end, three points (six total) 100 m apart were 
systematically sampled along two transects, one on each side of, and 
parallel to, the creek. Adjacent to the FCR, eight points were sampled: 
four points 100 m apart along a transect in second-growth forest 
adjacent to the northeast border of the roost, and four points 100 m 
apart along a transect adjacent to the roost's southwest border, where 
old-growth trees are scattered in much lower density than in the roost. 
Adjacent to the AMR, two points each (eight total) 100 ra apart were 
sampled along the borders of the roost along northwest, southeast, 
southwest, and northeast compass bearings from the roost center to allow
8
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Figure 2. Tree structure classes.
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1
1
C R O W N  STRUCTURE CLASS
FOR MATURE TREES >30.5 CM dbh; HEIGHT GROWTH PRACTICALLY 
COMPLETE; DIAMETER GROWTH SLOW; AGE >180 YEARS
CLASS 1; FULL VIGOROUS CROWN, OF > AVERAGE WIDTH AND DENSITY.
CLASS 2; GOOD TO MODERATELY VIGOROUS CROWN, OF AVERAGE WIDTH
AND DENSITY; OR LONGER CROWN IF NARROW OR SOMEWHAT 
THIN.
CLASS 3: FAIR TO POOR CROWN, OF AVERAGE HEIGHT AND WIDTH; OR
LONG, SPARSE, AND NARROW; OFTEN FLAT ON ONE OR MORE 
SIDES.
CLASS POOR CROWN, SOMETIMES ONLY A TUFT AT TREETOP; OR
SOMEWHAT LONGER WHEN SPARSE AND RAGGED; USUALLY VERY 
NARROW OR LIMBS ALL ON ONE SIDE.
9
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for differences in vegetation associated with changes in elevation.
Mi crometeorology
Temperature, windspeed, and net radiation within the upper forest 
canopy of the FCR and the FPS were monitored from 4 October to 21 
December 1981 and from 17 October to 15 December 1982. Ambient 
temperature was measured with a shielded thermistor, windspeed with a 
cup anemometer, and net radiation with a Fritschen Type Net Radiometer. 
Tests for precision were performed previously by Keister (1981) and 
produced readings within +1% for thermistors, ±3% for anemometers, and 
+8% for net radiometers. Monitoring of microclimates was restricted to 
two sites due to the availability of only two Instrument packages.
A lightweight, portable frame constructed of aluminum and PVC pipe 
supported the instruments and was mounted against the bole of a western 
larch approximately 1/4 of the distance from the treetop to the ground. 
The instruments were mounted at 23.9 m (1981) and 23.5 m (1982) above 
the ground in the roost and at 16.5 m both years in the FPS; the 
contrast reflects the relative height differences in mature trees at the 
two sites. In 1982 the instruments in the roost were placed in a 
different tree approximately 300 m northeast of the 1981 tree to monitor 
microclimate at a location nearer the center of the roost. At the FPS, 
the same tree was used both years.
10
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
After mounting, instruments were attached by cable to a recorder at 
the base of the tree. Two-hour means were recorded automatically in the 
form of voltages, and were converted later into the appropriate units 
for each instrument (Keister 1981). Only data collected at night during 
five 2-hr intervals, when bald eagles were in the roost, were used in 
the analyses.
Metabolic Energy Requirements
Two-hour means for temperature, windspeed, and net radiation were 
used to calculate the energy required for a bald eagle to maintain a 
constant temperature overnight at a roost site. The total nightly 
metabolic energy requirements (five 2-hr periods) and the peak metabolic 
production rates (one 2-hr period) were calculated for bald eagles at 
the FCR and the FPS (Keister 1981) (Appendices 1, 2). Roost flight 
energy expenditures for bald eagles in Glacier National Park were 
calculated by using several assumptions from Stalmaster (1981): 
flightspeed = 45 km/hr, energy for active flight = 12.5 x basal 
metabolic rate [BMR], energy for passive flight = 3.5 x BMR, BMR =
12.471 kcal/hr.
11
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Statistical Analyses
Student t-tests (SPSS*, Inc., 1983) were used to compare the 
differences in group means between the roosts and the FPS for tree 
diameter and height. Paired Student t-tests were used to determine the 
significance of the mean nightly differences of mean and minimum 
temperature, mean and maximum windspeed, total metabolic energy 
requirement, and peak production rate between the FCR and the FPS. 
Cross-tabulation and Chi-square-tests (SPSS*, Inc., 1983) were used to 
examine the distribution of tree crown structure classes between all 
sites. All tests were evaluated at the 0.05 level of significance.
Stepwise discriminant analysis (SPSS*, Inc., 1983) was used to 
develop classification functions to enable discrimination between the 
roosts and the FPS based on aspect, slope, tree height, diameter, and 
density (data were weighted to compensate for differences in sample size 
between sites). The same procedure was used for discrimination between 
the FCR and the FPS based first on mean and minimum temperature, and 
mean and maximum windspeed, and second on total metabolic energy 
requirement and peak production rate. The *F* level used to enter or 
remove independent variables from the discriminant analyses was 1.0 
which corresponded to a significance level of about 0.5. Selection of 
variables was based on maximizing the Mahalanobis' distance between the 
two closest groups.
12
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RESULTS AND DISCUSSION 
Location of Roosts
Review of Previous Research.— Shea (1973) identified a site along the 
southwest shore of Lake McDonald, about 1.5 km north of the outlet to 
lower McDonald Creek, as the most conspicuous and heavily-used bald 
eagle roost in Glacier National Park. He reported a second location 4 
km south of the outlet of lower McDonald Creek along the west bank of 
the Middle Fork of the Flathead River. Bald eagles also were observed 
roosting singularly or in very small groups along McDonald Creek. The 
possibility of roosting on Apgar Mountain west of the creek was 
suggested.
Visual Observations.— The FCR and the AMR were identified by observation 
of eagles' flight paths in 1981 and 1982 (Fig. 3). The FCR lies on a 
southeast-facing hillside adjacent to Lake McDonald. Its boundaries are 
similar to Shea's (1973) Lake McDonald roost, but exclude a section of 
lakeshore which is used primarily as a 'staging' site by eagles flying 
to the FCR. The FCR is 1.8 km northeast of the FPS, and 975 m above sea 
level, 15 m higher in elevation than the FPS. The roost totals 42 ha
including a high-use core (approximately 5 ha) used by about 45% of the
eagles using the roost, surrounded by a lower-use periphery where 
roosting eagles were scattered. Counts made at a point between the FCR 
and the FPS recorded as many as 300 eagles flying toward the FCR in a 
single night (see Chapter II). The southwestern end of the FCR near
13
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Figure 3. Study area and location of roosts, McDonald Creek Feeding 
Perch Site (FPS), and microclimate instrument trees.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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part of the high-use core is bisected by a paved road to a campground. 
Private dwellings (mostly summer homesites) extend up to the southern 
boundary of the FCR.
The roost and staging site south of the FCR along the lakeshore 
near the outlet to lower McDonald Creek was used by the majority of 
eagles as a staging site before continuing their flight northward into 
the FCR. Its importance is increased by its value as a secure site 
where interaction occurs prior to eagles entering the FCR, in addition 
to its use as a roost site. An estimate of less than 5% of the number 
of eagles using the FCR, roosted at this site.
The AMR is 1.6 km west of the FPS, 3.3 km southwest of the FCR, and 
140 m above McDonald Creek at 1100 m elevation. It is on a
southeast-facing slope in the area recognized as a possible roost site
by Shea (1973). This roost received only light use (< 10% of eagles 
counted in roost flights; maximum count; 32 eagles [see Chapter II])
throughout its 14 ha area. An old powerline clearing and seldom-used
road now open only to foot travel pass near the southern margin of the 
roost, but this site remains relatively secure from human disturbance.
The communal roost site reported by Shea (1973) along the Middle 
Fork of the Flathead River was not considered to be of major importance 
to roosting eagles in 1981 and 1982. Trees along the river were used as 
staging and feeding perch sites, but eagles appeared to roost away from 
the river in widely-separated locations.
15
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Telemetry.— Inaccuracy of locations plotted as discrete points without 
consideration of error in readings was demonstrated by the presence of 
two locations plotted in Lake McDonald (Fig. 4). Final locations for 
each eagle were designated by incorporating error limits defined by 
tests on beacon transmitters (+3 degrees). This increased the size of 
the area apparently used for roosting, but resulted in a more accurate 
representation of the roost locations (modified error polygons)
(Fig. 5). Twenty-two of 28 error polygons (79%) were within 0.4 km of 
the shoreline of Lake McDonald. One error polygon encompassed most of 
the AMR; five included sections of McDonald Creek and the Middle Fork 
of the Flathead River. The highest frequency (arbitrarily set at five 
to nine) of error polygon occurrence within use zones was recorded in 
the southern end of the FCR and along the lakeshore north of the outlet 
to lower McDonald Creek in a roost area now designated the Lakeshore 
Roost (LR) (Fig. 6).
The telemetry location pattern provides evidence of the use of the 
FCR, AMR, LR, and habitat along McDonald Creek as roost sites, but must 
be considered a visual representation of only a small, non-randomly 
selected sample (n = 5) of bald eagles of only two age classes 
(Table 1). In addition, most locations (64%) were obtained from a 
single bald eagle (A94), further biasing the sample. Also, the degree 
of error associated with the telemetry tests was highly variable due to 
signal bounce, and made more accurate determination of roost locations 
impossible. Use of transmitters with lower frequency or less power
16
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Figure 4. Radio-telemetry roost locations (not modified to reflect
error) of five bald eagles in Glacier National Park, 1982,
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
F IS H  C R EEK  
R O O S T
A P G A R  M T  
R O O S T
A N T E N N A  S T A T I O N  
★  R O O S T  L O C A T I O N
K I L O M E T E R S
17
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Figure 5. Radio-telemetry roost locations (modified error polygons) of
five bald eagles in Glacier National Park, 1982.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 6. High- and low-use roost zones determined from radio-telemetry
monitoring of five bald eagles in Glacier National Park, 1982.
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Table 1. Number and dates of radio-telemetry locations of roosting 
bald eagles in Glacier National Park, 1982.
ID#
Age of 
eagle
# of 
locations
Date of 
locations
A94 juvenile 18 22 Oct - 19 Nov
AGO adult 4 15 Nov - 18 Nov
A99 juvenile 3 15 Nov - 17 Nov
A93 juvenile 2 25 Oct - 26 Oct
A97 juvenile 1 26 Oct
20
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output would reduce bounce and aid in decreasing error of readings.
This would result in a reduction in size of error polygons and an 
increase in accuracy (Springer 1979).
Forest Characteristics
The FCR is nearly three times larger in area than the AMR, and is 
situated on wetter, more gentle terrain. Upper canopy trees (> 30.5 cm 
dbh) in the FCR had smaller dbh (t = -2.28, p = 0,03, separate variance 
estimate [S]) and were taller (t = 3.62, p < 0.01, [S]) than trees in 
the AMR (Table 2). At the roosts, mean values for upper canopy tree 
density (x = 87.1 trees/ha), dbh (x = 47.2 cm), height (x = 28.8 m), and 
height above lower canopy (x = 16.8 m) were greater than for trees in 
the FPS or In sites adjacent to the roosts.
Mean size of upper canopy trees in roost forest stands in Glacier 
National Park was smaller than that reported for coniferous roost trees 
in eastern Washington (dbh = 91 cm, height = 28 m) (Anthony et 
al. 1982), western Washington (dbh = 105 cm, height = 57 m) (Anthony et 
al. 1982), and southern Oregon-northern California (dbh = 70 cm, height 
= 28 m) (Keister and Anthony 1983).
A higher percentage of taller trees (31-46 m) occurred in the 
roosts (FCR: 37.5%; AMR: 27.1%) than in the FPS (4.2%) (Table 3).
Roosts had a higher percentage of open-structured trees (Class 2, 3, 4) 
than did the FPS.
21
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Table 2. Characteristics of upper canopy trees of forest stands in and adjacent to roosts and in the McDonald
ro
ro
Creek Feeding Perch Site (FPS).
Site Area
Mean 
s 1 ope
Dens 11y 
(trees/ha)
dbh
(cm)
Height
(m)
Height above 
lower canopy 
(m)
Structure
class
(ha) (%)
T SO X SD 7  SD X SD Median SD
FCR 39 19 104.8 233.276 44.8 9.529 30.2 3.228 17.7 4.909 1 .00 0.693
AMR 14 40 69.4 70.183 49.5 12.647 27.3 5.119 15.8 5.956 1.00 0.714
FPS 5 10 40, 1 38.412 35.6 5.350 20.9 4.860 6.8 6.056 1.00 0.509
Adjacent 
to FCR — "■ — - No trees over 30.5 cm dbh present in sample - - — —
Adjacent 
to AMR -- 30 30.2 233.497 35.3 5.292 22.0 2.588 5.3 2.785 1 .50 0.744
Table 3. Upper canopy tree height and structure classes In the roosts 
and in the FPS.
Site
Percentage in 
height class
Percentage in 
structure class
0-23 24-30 31-38 39-46 1 2 3 4
FCR 1.1 61.4 36,4 1.1 64.8 26.1 8.0 1.1
AMR 27.1 45.8 25.0 2.1 60.4 35.4 0.0 4.2
FPS 87.5 8.3 0.0 4.2 83.3 12.5 4.2 0.0
23
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Western larch was the dominant species in the upper canopies of the 
roosts; larch dbh, height, and crown structure was similar at both 
sites (Table 4). Lodgepole pine dominated the upper canopy at the FPS. 
They were of smaller dbh and were shorter than larch in the roosts.
Lower canopy trees in the roosts (12.0-30.5 cm dbh) were in less 
dense stands and had smaller dbh and heights than those in the FPS 
(Table 5). The highest density of lower canopy trees was in sites 
adjacent to the roosts.
Stepwise discriminant analysis differentiated between the roosts 
and the FPS by the formation of an index (dependent variable) which 
classifies a new site. Prediction equations for class membership which 
were produced in the analyses correctly classified 100% of grouped 
cases, and identified height of large trees as the variable most 
important in separating all of the sites (Appendix 3). Percent slope 
was identified as an important variable in separating the AMR from the 
FPS, although its influence may be an artifact of the location of 
feeding perches next to the creek in the valley bottom.
Micrometeorology
Temperature.— The mean nightly temperature at the FCR was 2.1 degrees 
Celsius (C) warmer than at the FPS in 1981 and 0.2 C warmer in 1982 
(Table 6) (Appendix 4). Differences between these sites were 
significant in 1981 (t = 8.71, P < 0.001) and 1982 (t = 2.55, P < 0.02). 
During five nights at the peak of the eagle concentration, differences
24
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Table 4. Characteristics of tree species in the Upper canopy {> 30.5 cm dbh) i n the roosts and in the FPS.
Densit
(#/ha)
y Dominance
(%)
dbh
(cm)
Height
(m)
Structure®
class
Site FCR AMR FPS FCR AMR FPS FCR AMR FPS FCR AMR FPS FCR AMR FPS
Species
Western 
1 arch 100.6 41.6 11.6 96 60 29 44.8 46.4 38.8 30.4 29.4 24.5 1.00 1.00 1.00
Oouglas- 
f ir 2.0 14.6 3.2 2 19 8 48.6 52.2 32.7 29.3 25.0 18.2 1.00 1.00 1.00
Western
redcedar 1.1 — î -- 49.5 -- — 23.2 -- 2.00 —  —
Western 
hemlock 1.1 — — 1 — 35.8 ---- — 25.0 ---- ---- 1.00 -- --
Ponderosa
pine 13.2 — 21 — ---- 56.7 -- — 22.9 -- 2.00
Lodgepole
pine —  — 23.7 —  — 59 - - ---- 34.7 — — 19.7 1 00
Black
cottonwood 1 .6 — 4 - - 31 .0 — — 17.2 1.00
^Median structure class.
Table 5. Mean characteristics of lower canopy trees of forest stands 
in and adjacent to roosts and in the FPS.
Site
Density dbh Height
#/ha SD cm SD m SD
FCR 218.3 335.208 15.1 3.468 12.6 2.789
AMR 404.7 928.789 15.9 3.756 11.5 2.673
FPS 457.7 318.516 19.8 4.801 14.1 3.561
Adjacent 
to FCR 1333.9 1967.112 15.5 2.272 15.8 2.387
Adjacent 
to AMR 943.9 401.013 16.3 3.546 15.2 2.364
26
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Table 6. Nightly mean temperatures at the Fish Creek Roost (FCR) and
the FPS, 1981 and 1982.
Mean temperature 
(C)
Mean minimum temperature 
(C)
1981 1982 1981 1982
Site X" SD X SD Y  SD X SD
FCR 0.9 4.024 -2.2 4.942 -0.5 3.986 -3.2 5.106
FPS -1.2 4.011 -2.4 4.984 -1.6 4.230 -3.3 5.229
27
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between the FCR and the FPS, in 2-hr means of temperature, were less 
variable on nights in 1981 than in 1982 (Appendix 5). The mean minimum 
temperatures at the roost were significantly greater than at the FPS in
1981 (t = 7.23, P < 0.001), but not significantly different in 1982 (t = 
1.06, P < 0.40). Minimum temperatures for the roost ranged from -11.2 C 
to 11.6 C in 1981 and from -15.7 C to 6.7 C in 1982. Ranges of minimum 
temperatures at the FPS were -13.7 C to 12.0 C in 1981 and -17.3 C to 
6.6 C in 1982 (Fig. 7). Mean differences in minimum nightly 
temperatures were relatively small in all months, but were consistent in 
demonstrating the warmer nature of the FCR in both years (Table 7). The 
movement of colder, denser air down the McDonald Valley explains the 
slightly cooler nature of the FPS.
Windspeed.— Mean differences in maximum windspeed for the entire autumn 
between the two sites were significant in 1981 (t = 3.84, P < 0.001) and
1982 (t = 2.95, P < 0.01), with some monthly variation occurring (Table 
7). The FCR was subjected to strong prevailing winds slightly more 
often than was the FPS. In the roost, nightly windspeed averaged 0.2 
m/s more than the FPS in both 1981 (t = 3.76, P < 0.001) and 1982 (t = 
3.17, P < 0.01) (Table 8) (Appendix 6), possibly a result of the FPS's 
proximity to the Apgar Mountains and its lower elevation. Maximum 
nightly windspeed followed a similar pattern with the roost averaging 
windspeeds 0.3 m/s greater in both years and recording maximum 2-hr 
means of 4.8 m/s in 1981 and 5.2 m/s in 1982. At the FPS maximum 2-hr 
means of 3.1 m/s were recorded in both years (Fig. 8). Differences in
28
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Figure 7, Minimum temperatures at the FCR and the FPS, 1981 and 1982.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Table 7. Mean differences in nightly values for minimum temperature 
and maximum windspeed at the FCR and the FPS, 1981 and 1982.
Minimum temperature 
(C)
Maximum windspeed 
(m/s)
Year 1981 1982 1981 1982
Oct 1.8 0.1 0.2 0.4
Nov 1.0 0.1 0.2 0.3
Dec 0.5 0.4 0.6 0.2
Total 1.1 0.1 0.3 0.3
Note: Values represent the mean of the differences which were
computed by subtracting the nightly values at the FPS 
from those at the FCR.
30
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Table 8. Nightly mean windspeeds at the FCR and the FPS, 1981 and 
1982.
Mean windspeed 
(m/s)
Mean maximum windspeed 
(m/s)
1981 1982 1981 1982
Site X SD x" SD X SD X SD
FCR 1.4 0.789 1.3 0.707 1.8 0.995 1.8 0.981
FPS 1.2 0.464 1.1 0.407 1.5 0.652 1.5 0.650
31
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Figure 8. Maximum windspeeds at the FCR and the FPS, 1981 and 1982,
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2-hr means of windspeed during five nights at the peak of the eagle 
concentration were relatively small with gentle winds (< 0.5 m/s), but 
increased substantially when windspeeds surpassed 1 m/s (Fig. 9).
Stepwise discriminant analysis based on mean and minimum 
temperature, and mean and maximum windspeed, correctly classified only 
53.6% grouped cases for 1981 and 56.3% for 1982. These low percentages 
prevented the formation of reliable classification functions involving 
the weather variables.
The FCR was warmer, but windier on the average than was the FPS.
The higher roost temperatures recorded in Glacier were in agreement with 
the findings of Hansen (1977), who compared microclimate conditions 
betwen a night roost and a day perch site in the Nooksack River Valley, 
Washington, and with the comparison made by Keister (1981) of the mean 
minimum temperature of five eagle roosts with that of the Kingsley 
Weather Station in the Klamath Basin, Oregon. However, unlike this 
study, they recorded mean windspeeds that were significantly lower than 
those recorded in their respective feeding or perch sites. Although 
reduced windspeeds have been viewed as a discriminating factor in 
identifying bald eagle roosts in some areas (Hansen et al. 1980,
Steenhof et al. 1980, Keister 1981, Knight et al. 1983), the stronger 
winds at the FCR do not support this conclusion and indicate that 
factors other than windspeed must be responsible for its use.
33
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Figure 9, Nightly windspeeds at the FCR and the FPS, 2-6 November 1981
and 1982.
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Metabolic Energy Requirements
In 1981, the mean total nightly metabolic energy requirement 
calculated for an eagle at the FCR was 1% less than at the FPS (t = 
-7.47, P < 0.001) (Table 9) (Appendix 7). In 1982, however, the 
opposite was true, with the roost having a 0.2% higher calculated mean 
energy demand (t = 1.17, P < 0.40).
The mean peak metabolic production rate calculated for 1981 at the 
FCR was 2.5% less than at the FPS (t = -6.14, P < 0.001), but the values 
were similar for 1982 (t = 0.90, P < 0.40) (Appendix 8). Both sites had 
mean monthly energy requirement values which increased throughout the 
autumn (Table 10). Mean differences in monthly peak production rates 
were lower at the FCR than at the FPS in 1981, but were more variable in 
1982. The use of discriminant analysis to develop classification 
functions based on the two metabolic energy variables between sites 
yielded Inconclusive results for both years. In 1981, only 55.3% of the 
grouped cases were correctly classified. The 'F' level to enter 
independent variables was insufficient to run the analysis for the 1982 
data based on pre-specifled analysis conditions.
The small metabolic energy savings calculated for eagles at the FCR 
is reduced further by subtracting the energy expended by a bald eagle 
flying to roost from a feeding site. Stalmaster (1981) calculated an 
energy expenditure of 2.2 kcal/km for a 4.5 kg eagle in the Nooksack 
River Valley in western Washington, resulting in a net energy loss if 
the roost flight was further than 5.1 km (10.2 km round trip). Using
35
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Table 9. Total nightly metabolic energy requirements and peak
production rates for bald eagles at the FCR and the FPS, 1981 and 1982.
Total energy requirement Peak production rate
(kcal/night) (kcal/hr)
1981 1982 1981 1982
Site X SD %  SD x" SD X SD
FCR 156.2 18.470 168.3 22.989 16.2 1.888 17.2 2.472
FPS 160.3 18.209 167.9 23.520 16.6 1.913 17.2 2.460
36
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Table 10. Mean differences in nightly values for metabolic energy
variables at the FCR and the FPS, 1981 and 1982.
Total energy requirement 
(kcal/night)
Peak production rate 
(kcal/hr)
Year 1981 1982 1981 1982
Oct -6.9 0.2 -0.7 -0.1
Nov -4.1 0.8 -0.4 0.1
Dec -0.5 -0.1 -0.1 -0.1
Total -4.1 0.4 -0.4 0.1
Note: Values represent the mean of the differences which were
computed by subtracting the nightly values at the FPS 
from those at the FCR.
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similar assumptions, Keister (pers. commun.) determined that bald eagles 
in the Klamath Basin, Oregon incurred a minimum energy loss of 26.6 kcal 
in making the roost flight from the feeding area. This resulted in a 
net loss of 5.6 kcal even though a 10% savings was achieved by staying 
in a roost rather than remaining at a feeding area. A flight of more 
than 5 km to a roost did not result in a net energy benefit for an 
eagle.
Roost flights by bald eagles in Glacier are about 75% active and 
25% passive. If the same assumptions (Stalmaster 1981) are applied to 
these eagles, 2.841 kcal/km would be required for a roost flight.
Flights average about 4 km round trip, and would result in an energy 
expenditure of 11.4 kcal. If this consumption is subtracted from the 
mean difference in the energy expenditures for 1981 (4.1 kcal; 1% 
savings), a 7.3 kcal energy loss is calculated. In 1982, a larger loss 
(11.4 kcal) is calculated due to the 0.3 kcal (0.2%) deficit in energy 
savings. If the maximum difference for one night in 1981 (15.7 kcal; 
10.5% savings) is used, the result is a 4.3 kcal calculated energy 
savings. However, in 1982 the maximum difference (9.8 kcal; 2.5% 
savings) results in a 1.6 kcal calculated energy loss. Thus it was only 
on nights of maximum difference between sites in the calculated 
metabolic energy requirements and only in 1981 (11% of nights) that it 
was advantageous energetically for a bald eagle to fly to the FCR from 
the FPS, if these assumptions hold true. On the average, there would be 
no metabolic advantage in making a roost flight of more than
38
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
approximately 1.5 km round trip. Although some bald eagles in Glacier 
fly short distances to roost, most expend the additional energy required 
to reach FCR rather than remaining along the creek.
The limited energy savings (discounting flight costs) calculated 
for Glacier bald eagles is less than that calculated for eagles in 
Washington (8-10%) (Stalmaster 1981) and Oregon (6-10%) (Keister 1981), 
and may be due in part to the predominant use of western larch as a 
roost tree rather than conifers which retain their needles throughout 
the autumn. Most of the larch needles have been shed before many eagles 
arrive in Glacier. This results in a loss of cover for eagles roosting 
in these trees, and, particularly on clear nights, increases net 
radiation loss as demonstrated by Stalmaster (1981), who contrasted 
deciduous and coniferous roosts in Washington.
CONCLUSIONS
Differences between the roosts and the FPS in upper canopy tree 
dbh, height, and density were statistically significant (a= 0.05). The 
larger dbhs, and greater heights and density of upper canopy trees in 
the roosts physically isolate the roost forest stands from the 
surrounding stands of smaller, younger trees. The larger dbh and taller 
trees provide more roosting sites higher above the lower canopy than at 
adjacent sites or at the FPS. This difference may explain in part the 
selection of the roosts over other sites.
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Statistically significant differences (o(= 0.05) between the FCR and 
the FPS were found in all weather and energy variables in 1981. In 
1982, differences between sites were statistically significant only in 
mean temperature, and mean and peak windspeed. The results of this 
study do not demonstrate that microclimate conditions within a stand 
explain the selection of bald eagle roosts. They do illustrate the 
complexity of roost site variables and indicate that roost selection is 
the result of not one, but many variables acting together.
MANAGEMENT IMPLICATIONS
Management of the bald eagle feeding and roosting areas is 
politically simplified by Glacier National Park's legal mandate to 
conserve wildlife. Management restrictions which might be more strongly 
opposed in other areas are seen by the public as compatible with the 
Park's mandate (Frost and McCool 1985). Prohibition of visitor access 
to the FPS during the eagle concentration has been in effect since about 
1970. It has resulted in a decrease in disturbance to feeding and 
perching eagles along the creek. With this increase in security in the 
feeding area, bald eagles have habituated to visitors on Apgar Bridge, 
providing benefits to visitors and eagles.
However, the roost areas in Glacier are less actively managed for 
the protection of bald eagles. The AMR is relatively isolated in the 
autumn because of the presence of bears in the area and the closure of 
the access road to its south, effectively protecting it from visitors
40
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and disturbance in recent years. The FCR is more vulnerable to 
disturbance. Automobile traffic passes through the roost and accesses 
Fish Creek Campground. The road remains open until closed by heavy 
snowfall. No restrictions exist and visitors may wander into the FCR or 
the LR (Fig. 10). During the period of the eagle concentration, these 
activities, and increased use of the campground and increased boat 
traffic along the shoreline of Lake McDonald near the roost, all may 
affect eagle use patterns. An accelerated level of disturbance will 
result if visitor use follows its present trend and continues to 
increase both in numbers and duration in the autumn. Roost area 
closures to foot and automobile traffic may be necessary to provide for 
the security of bald eagles in Glacier. In particular, eagles would 
benefit by the closure of the road through the FCR. Along Lake 
McDonald, forest stands with characteristics similar to those found in 
the FCR should not be subjected to further development. Use of fire to 
maintain old-growth larch roost stands should be carefully evaluated.
The roost along the Middle Fork of the Flathead River documented by 
Shea (1973) is more vulnerable to sudden changes in land-use practices 
because it is mostly on private land. Further investigation is needed 
to determine its present function and extent of use related to bald 
eagles, and to determine appropriate measures for its protection.
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Figure 10. Study area with location of roosts, roads, homesites, and 
campgrounds.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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CHAPTER II
BALD EAGLE USE PATTERNS AT COMMUNAL ROOSTS 
IN GLACIER NATIONAL PARK, MONTANA
INTRODUCTION
A concentration of bald eagles was first documented in Glacier 
National Park, Montana, in 1939 when 37 were counted along lower 
McDonald Creek by park rangers. The eagles gather to feed on 
spawned-out kokanee salmon, which were introduced into Flathead Lake,
96 km downstream, in 1916 and into Lake McDonald in 1922 and 1923 
(Morton 1968). Since 1950, a general upward trend of bald eagles at the 
autumn concentration has occurred. From 1965 through 1984, systematic 
counts were performed, documenting weekly and annual variation in total 
numbers of bald eagles (McClelland et al. 1982). The peak individual 
count was made in 1981 when 639 were counted. The concentration 
represents the highest density of bald eagles at any site in the 
contiguous United States (McClelland et al. 1982).
Communal bald eagle roosts in Glacier were discussed briefly by 
Shea (1973), McClelland (1973), McClelland et al. (1982), and Young 
(1983). I investigated the variation in total numbers, and arrival and 
departure patterns of bald eagles at communal roosts in Glacier National 
Park during the autumns of 1980 through 1982. Data on the use patterns
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of bald eagles at the communal roosts is a prerequisite for the 
implementation of a sound management program.
Specific objectives were to:
1. Count the number of adult and subadult bald eagles flying 
to communal roosts in Glacier National Park in the autumns 
of 1980 through 1982.
2. Determine the percentage of total eagles using identified 
communal roosts compared to weekly censuses from 1980 
through 1982.
3. Determine residency and roost arrival and departure times 
of eagles in Glacier National Park in 1981 and 1982.
4. Exmnine the influence of bald eagle age class, time of 
sunrise and sunset, and percent cloud cover on the timing 
of roost flights.
STUDY AREA
From the outlet of Lake McDonald, downstream 4 km to lower McDonald 
Creek's confluence with the Middle Fork of the Flathead River, kokanee 
salmon spawn in large numbers (McClelland et al. 1982). Bald eagles 
perch during the day In trees along McDonald Creek where salmon are 
accessible. Each evening most eagles fly as far as 4 km from the creek 
to communal roosts composed of old-growth western larch, Douglas-fir 
(Pseudotsuqa menzeisii), and ponderosa pine, returning to feed along the 
creek the following morning.
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METHODS
The numbers of bald eagles in roost flights to and from the FCR,
LR, and AMR were counted to provide a record of changes in total eagle 
numbers and percentage of subadults at the roosts throughout the autumn. 
LR counts were incorporated into FCR counts due to the commonality of 
flight paths to both sites, and the difficulty in accurately separating 
the smaller number of LR-bound eagles from those flying to the FCR.
Bald eagles flying to the FCR in the evenings from the lower McDonald 
Creek feeding area were counted from a location 200 m north of Apgar 
Bridge (Fig. 1). Roost counts were performed from 15 October to 28 
November 1980 (N = 29), 6 October to 8 December 1981 (N = 58), and 8 
October to 1 December 1982 (N = 51). In some cases, 1980 data was 
omitted from comparison with other years since data was not collected on 
enough days to provide an adequate representation of roost use. In
1982, evening counts (N = 22) also were conducted from a location near
McDonald Creek to monitor use of the AMR. AMR flight counts were 
probably less accurate than the FCR counts due to reduced visibility 
which resulted from 'backlighting' and from the greater distance from 
the count point to the flight paths. Evening counts began 60 minutes 
prior to sunset and ended 40 minutes after sunset (100 minutes total).
Morning counts of eagles returning to the feeding area from the FCR were
performed from Apgar Bridge from 7 October to 10 December 1981 (N = 51). 
Morning counts lasted 100 minutes, from 40 minutes prior, to 60 minutes 
after sunrise. All count periods were divided into 10-min intervals in
49
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Figure 1. Study area and locations of bald eagle roost flight counts,
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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relation to sunrise or sunset. The time intervals in which eagles were 
counted enroute to or from the FCR, which has its center about 1.5 km 
from the count point (about a 2 min flight at 45 km/hr), were used in 
calculating roost arrival and departure times. Sunrise and sunset times 
were those calculated for Kalispell, Montana, and published by the 
Nautical Almanac Office, U.S. Naval Observatory. A visual estimate of 
cloud cover (%) was recorded at the beginning of each count.
Eagles were classified as either adults (head and tail appeared 
fully white) or subadults (all other plumages) to avoid confusion in 
attempting to identify immature age classes at extreme distances or 
during low-light levels, periods of intense activity, or inclement 
weather when visibility was impaired.
Systematic censuses of eagles at the concentration were conducted 
on a weekly basis along Lake McDonald (16 km, by foot and vehicle), 
lower McDonald Creek (4 km, by canoe), and a section of the Middle Fork 
of the Flathead River (7 km, by canoe) by the methods described by 
McClelland et al. (1982). Totals from these counts were used in 
calculating the percentage of eagles using the FCR and AMR.
Bald eagles were captured along lower McDonald Creek during the 
autumns of 1981 and 1982 to provide a sample from which eagles were 
selected for radio-transmitter attachment and determination of eagle 
residency. U.S. Fish and Wildlife Service leg-bands (No. 9) were 
attached to one leg of each captured eagle. Capturing, handling, and 
banding procedures were described in detail by Young (1983).
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Twenty-five captured eagles (9 males and 16 females) were equipped with 
56 g radio transmitter packages (Telonics, Inc., Mesa, Arizona) in 1981 
and 1982. Sex was judged by measuring culmen length as described by 
Harmata and Stahlecker (1977) and Young (1983) (male: < 51,0 cm;
female: > 51.0 cm) and by other morphological characteristics (e.g.,
weight and tarsus width). Transmitter packages were mounted ventrally 
(N = 4) or dorsally (N = 21) on the two central tail feathers. Each 
package contained a tip switch which activated a change in signal pulse 
rate responding to tail attitude (fast = "flying" position; slow = 
"perched" position). This enabled determination of roost arrival and 
departure times by monitoring eagles for first and last flights of each 
day. Fewer than five observations for any transmitter-equipped eagle 
was considered insufficient for use in calculating mean roost arrival 
and departure times. Telonics receiver-scanners and antennas were used 
to monitor eagle movements. To aid in field identification, bright 
orange markers of vinyl-coated nylon (Cooley Co., Pawtucket, Rhode 
Island) were attached to both wings on each eagle. An alpha-numeric 
code (A80 to A99, AOO to A04) specific for each eagle was painted on 
each marker. Transmitter and marker attachment methods followed those 
described by Young (1983).
Student t-tests (SPSS*, Inc., 1983) were used to detect significant 
differences in transmitter attachment dates between years to determine 
the validity of comparing 1981 with 1982 values for eagle residency. 
Student t-tests also were used to detect significant differences in
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residency between 1981 and 1982 transmitter-equipped eagles, and between 
eagles equipped with transmitters before and after the peak census in 
both years. All tests were evaluated at the 0,05 level of significance.
RESULTS AND DISCUSSION 
Roost flight counts
The peak evening roost flight count (348) for the FCR for 1980-1982 
occurred on 15 November 1981. Smaller peaks occurred earlier in the 
autumn on 4 November 1980 (237) and on 29 October and 2 November 1982 
(199). Mean evening FCR counts were similar in 1980 (129) and 1981 
(113), but the 1982 count was much lower (72) (Fig. 2, Table 1).
The mean evening roost flight count for the AMR was nine eagles in 
1982; the counts peaked at 32 on 10 November. This peak occurred about 
one week later than the peak FCR count and was about 11% of the total 
number of eagles counted for both roosts on that evening (Fig. 3).
Morning roost flight counts for the FCR in 1981 produced a higher 
peak count (416) than the peak evening count two days later. The mean 
morning count was 19% higher than the mean count on preceding evenings. 
Lower evening counts probably were a result of several factors. Some 
eagles fly to roost prior to the beginning of the count because of human 
disturbance in the feeding area, stormy weather, or an early end to a 
successful day of hunting. The absence of some eagles from evening 
counts may have resulted from soaring and alteration of their usual
53
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Figure 2. Evening roost flight counts for the FCR, 1980 to 1982,
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Table 1. a) Roost flight counts for FCR and AMR, and b) peak censuses
for Glacier National Park, 1980 to 1982.
a)
Year
1980 1981 1982
Variable
FCR FCR FCR AMR
PM AM PM PM PM
Peak roost count 237 416 348 199 32
Date of peak count 4 Nov 14 Nov 15 Nov 29 Oct 10 Nov
Mean roost count 
(N)
129
(29)
138
(51)
113
(58)
72
(51)
9
(22)
Number of days 
with counts > 100 17 28 27 14 0
Peak roost count as 
% of peak census 63 65 54 65 10
Roost count of 
preceding evening 
as % of weekly 
censuses (x) 72 56 43 62 6
b)
Variable
Year
1980 1981 1982
Peak census 377 639 306
Date of peak census 5 Nov 11 Nov 3 Nov
55
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Figure 3. Evening roost flight counts for the FCR and the AMR, 1982.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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flight path to the roost, or from the arrival of migrating eagles to the 
roost late in the evening prior to their first visit to McDonald Creek. 
Although most morning counts (60%) recorded more eagles at the roost 
than did counts of the previous evenings, there were days in which many 
more eagles were counted in the evenings (Fig. 4).
Peak evening counts for the FCR from 1980 through 1982 averaged 61% 
of the peak censuses of the entire concentration (Table 1) (Fig. 5).
FCR counts on evenings preceding census dates represented a mean of 59% 
of the weekly censuses for the three years combined. Morning counts in 
1981 represented 11% more of the peak census and 13% more of the mean of 
the weekly censuses than 1981 evening counts. The addition of the AMR 
count to the FCR count in 1982 increased the value represented by roost 
counts to an average of 68% of the weekly censuses (Fig. 6). Roost 
count totals were lower than the total creek census figure primarily 
because of the exclusion from the counts of eagles that roosted in 
scattered locations along lower McDonald Creek and along the Middle Fork 
of the Flathead River.
The peak counts of subadults for the FCR were lower and occurred 
earlier than the adult peak counts from 1980 through 1982 (Table 2).
The peak counts of subadults in weekly censuses occurred earlier than 
the adult peak in 1980, but on the same date as adults in both 1981 and 
1982. Peak census counts of subadults for the entire concentration from 
1965 to 1980 occurred earlier than for adults in ten of 16 years and 
peaked on the same date in the other six years (McClelland et al. 1982).
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Figure 4. Morning and evening roost flight counts for the FCR, 1981,
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Figure 5. FCR flight counts and weekly censuses of bald eagles in
Glacier National Park, 1980 to 1982,
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Figure 6. FCR and AMR flight counts combined and weekly censuses of
bald eagles in Glacier National Park, 1982.
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Table 2. 
1982.
Peak FCR counts of subadult and adult bald eagles. 1980 to
Year
1980 1981 1982
Age class No. Date No. Date No. Date
Subadult 107 9 Nov 97 7 Nov 60 29 Oct
Adult 129 12 Nov 226 17 Nov 148 2 Nov
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The highest percentage of subadults occurred early in the autumn on 11 
October 1981 (86%), and on 12 October 1982 (59%) and in general declined 
throughout the remainder of the concentration periods (Fig. 7).
Roost arrival and departure times
Roost flight counts.— The patterns of evening flights of eagles enroute 
to the FCR (arrivals) were similar in 1981 and 1982 (Fig. 8). Peak 
arrivals occurred near sunset with 59% (1981) and 67% (1982) passing the 
count point between 20 minutes before and 20 minutes after sunset. Most 
subadult bald eagles (69%) arrived before sunset both years, earlier 
than adults in 1981 (63%) and 1982 (55%) (Fig. 9). Morning flights of 
subadults returning from the FCR (departures) in 1981 peaked 30 minutes 
before sunrise, ten minutes earlier than for adults (Fig. 10). The 
differences in roost arrival and departure times between adults and 
subadults may be related to subadults' relative lack of hunting skills 
and to food availability. Many spawned-out salmon wash onto the gravel 
bars along McDonald Creek at night and are readily available for those 
eagles arriving first at the feeding area. Adults obtain prey by 
stooping on fish in deeper water more successfully than do subadults, 
and may be less compelled to compete for the more accessible fish. The 
lack of beached fish carcasses later in the evening, along with 
increased competition with adults may explain subadults' earlier flight 
to the roost.
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Figure 7. Percent subadult bald eagles in FCR flight counts, 1981 and 
1982.
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Figure 8. Bald eagle arrival times at the FCR relative to sunset, 1981
and 1982.
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Figure 9. Adult and subadult arrival times at the FCR relative to
sunset, 1981 and 1982.
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Figure 10. Adult and subadult departure times at the FCR relative to 
sunrise, 1981.
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Roost arrival and departure times appeared to be influenced by 
light level, measured indirectly by percent cloud cover at the time of 
the roost flight. A higher number of arrivals to the FCR generally 
occurred at a later time on clear evenings (< 25% cloud cover) than on 
cloudy evenings (> 75% cloud cover) in both years, although in 1982 
arrivals peaked at ten minutes after sunset regardless of cloud cover 
(Fig. 11), In 1981, the number of morning roost departures declined 
more rapidly on clear than on cloudy mornings, and peaked at 30 minutes 
before sunrise under both sky conditions (Fig. 12).
Bald eagles wintering along the Nooksack River, Washington, 
responded similarly relative to the presence of cloud cover; however, 
on the average, roost flights peaked earlier (20 minutes before sunset) 
than they did in Glacier in 1981 (ten minutes before sunset) or 1982 
(ten minutes after sunset) (Knight 1981). To some extent, these 
differences may be have resulted from differences in study area terrain 
or from differing methods for calculating sunset times. Research on 
other bird species has demonstrated that percent cloud cover (Bliese 
1955), light intensity (Hein and Haugen 1966, Krantz and Gauthreaux 
1975), temperature, windspeed, precipitation, time of sunrise and sunset 
(Zammuto and Franks 1981), and food availability (Davis 1955) may 
influence the timing of roost flights.
Telemetry.— Radio-transmitter packages were attached to 12 bald eagles 
in 1981 (3 adults, 5 subadults, 4 juveniles) and to 13 eagles in 1982 (3 
adults, 6 subadults, 4 juveniles) (Appendices 1, 2). Julian attachment
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Figure 11. Arrivai times at the FCR relative to sunset on clear and
cloudy evenings, 1981 and 1982.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 12. Departure times at the FCR relative to sunrise on clear and
cloudy mornings, 1981.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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dates between years were equivalent before (t = 0.47, P = 0.65 CP]) and 
after the peak census (t = 0.18, P = 0.86 [P]). Eagles remained in 
Glacier significantly longer after transmitter attachment in 1981 
(x = 18.0 days) than in 1982 (x = 5.8 days) (t = 2.18, P = 0.04 [P]). 
The total number of days transmitter-equipped eagles stayed in Glacier 
in 1982 was 36% of the 1981 total (Table 3). In 1981, seven eagles had 
residency times greater than ten days, compared with only two eagles in 
1982, suggesting a higher turnover rate for eagles in 1982.
Eagle numbers at the concentration are closely related to salmon
availability (McClelland et al. 1984). A relatively low number of 
salmon in the spawning run, and a short duration spawning period, both 
limited eagles' residency times in 1982. The peak salmon count in 1982 
(31,000) was much lower than in 1981 (103,500) (McClelland et al. 1984),
The means of residencies of eagles equipped with transmitters
before the peak census (1981: "x = 23.6 days, N = 8; 1982: x = 6.8
days, N = 4) were longer than for those equipped after the peak (1981:
X = 8.7 days, N = 7; 1982: T  = 2.8 days, N = 6), but the differences 
were not significant (1981: t = 1.81, P = 0.10 [P]; 1982: t = 1.13,
P = 0.30 [S]). The percent difference in residency values between 
eagles equipped before and after the peak census in 1981 (30%) was 
similar in 1982 (32%).
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Table 3, Residency of 25 bald eagles In Glacier National Park after 
being equipped with radio-transmitter packages, 1981 and 1982.
Variable
1981 
(N = 12)
Year
1982 
(N = 13)
Total residency (days) 216 76
Range (days) 1-49 0.5-37
Mean days/transmitter (SO) 18.0 (16.701) 5.8 (10,703)
Median days/transmitter 15.5 1.0
Number that stayed 1 day or less 2 8
Mean equipping date 1 Nov 4 Nov
Mean departure date 19 Nov 10 Nov
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The mean roost arrival time of transmitter-equipped eagles (all 
data from subadults due to small number of observations [< 6] for each 
adult) was six minutes later in 1981 than in 1982 (Table 4). The mean 
for both years combined was near sunset (range: -21.0 to 9.0), and
varied greatly for individual eagles. The mean arrival time occurred 
about 31 minutes later than the peak arrival time for subadult eagles in 
1981 FCR counts, but was only about five minutes later than the 1982 
peak.
Mean roost departure times of transmitter-equipped eagles were 
similar in 1981 and 1982, varying by less than one minute, and averaging 
13 minutes before sunrise (range: -23.0 to 10.0). On an individual
basis, eagle departure times varied greatly. The mean departure time in 
1981 was 16 minutes later than the peak departure time of subadult 
eagles in 1981 FCR flights.
CONCLUSIONS
Major declines In the FCR counts often occurred at times when the 
weekly census was increasing or stable. Under these circumstances, 
large declines can be attributed to the southbound departure of eagles 
leaving the area rather than a shift to another roost site such as the 
AMR, where counts did not Increase coincident with FCR count declines. 
Subsequent increases in roost count numbers following a major departure 
result from migrating eagles arriving in Glacier from summering areas in 
Canada.
72
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Table 4. Roost arrival and departure times of 11 transmitter-equipped
subadult eagles in Glacier National Park, 1981 and 1982.
Eagle
Mean arrival time 
relative to sunset
Mean departure time 
relative to sunrise
ID# Minutes SO Minutes SO
A80 +9.0 (N 25) 23.980 -13.0 (N = 19) 31.466
A81 0.0 (N s 43) 27.488 -16.5 (N 42) 20.796
A82 +1.0 (N 34) 32.885 -7.5 (N = 36) 28.843
A83 -6.0 (N 11) 28.277 -20.0 (N 9) 19.357
A84 a +10.0 (N = 6) 20.543
A85 +9.0 (N 9) 48.685 -21.0 (N 6) 21.958
A86 -9.0 (N 14) 35.374 -11.0 (N = 11) 24.400
A88 +0.5 (N = 12) 21.550 -23.0 (N = 17) 26.695
1981 WEIGHTED MEAN +1.4 minutes -12.8 minutes
A93 -21.0 (N 11) 26.351 -1.0 (N 18) 16.531
A94
A99
+2.0 (N = 19) 19.498
+4.5 (N = 6) 33.439
^Insufficient sample size (N < 6)
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23.0 (N = 25) 12.455
-12.5 (N = 8) 11.744
1982 WEIGHTED MEAN -4.6 minutes -13.6 minutes
2-YR WEIGHTED MEAN +0.2 minutes -13.0 minutes
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Roost flight counts were consistently lower than weekly censuses, 
with peak roost counts averaging 61% of the peak censuses. This 
Indicates the use of areas other than the FCR, LR, and /V4R by roosting 
bald eagles. Roost flight counts of bald eagles at the concentration 
should continue each autumn so that major shifts of eagles between known 
roosts or to new sites can be Identified. Both evening and morning 
counts should be performed, and the higher of the two used to provide 
the most accurate representation of dally roost use. Continued 
monitoring of the Glacier concentration Is Important to provide 
up-to-date Information on the population dynamics of this threatened and 
endangered species.
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Appendix 1. Variables used in calculation of total nightly metabolic
energy requirement and peak metabolic production rate for a bald eagle.
A Surface area of a bald eagle (0.303) (mf)
Cp Specific heat of air (1010) (J/Kg-K)
D Diameter of a bald eagle (0.19) (m)
d Density of air (Kg/m^)
e Thermal emissivity (0.98)
k Thermal conductivity of air (W/m-K)
M Metabolic heat production rate (kcal/hr)
Nu Musselt number
rt, Resistance to heat loss through skin and feathers (s/m)
rh Resistance to convective heat loss (s/m)
ry. Resistance to radiative heat loss (s/m)
rhr Resistance to convective and radiative loss operating
together (s/m)
Re Reynolds number
Rm Radiation measured by a net radiometer (W/m^)
S Stefan-Boltzmann constant (5.67x10"®) (W/m^-K^)
Ta Air temperature (K)
Tb Body temperature (313.16) (K)
Tg Effective environmental temperature (K)
TE Total metabolic energy required for a bald eagle to stay overnight
in a roost and maintain a constant body temperature 
(5 2-hr periods) (kcal)
V Kinematic viscosity of air (m^/s)
W Windspeed (m/s)
*From Keister (1981).
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Appendix 2. Equations used in the calculation of total 
nightly metabolic energy requirement for a bald eagle.®
(1) rb = 916-12.8(W)l/2
(2) d = 1.2924-0.00466(Ta-273.16)
(3) k = 2.431x10-2+6.6xlO'5(Ta-273.16)
(4) V = 1.331x10-5+8.6xlO~8(Ta-273.16)
(5) Re = WD/v
(6a) if W < 2.8, then Nu = 0.17Re°*®2
(6b) if W > 2.8, then Nu = 0.024Re0'081
(7) ry* = dCp/4eSTa^
(8) rb — dCpD/kNu
(9) rhr = l/(l/rh+l/rr)
(10) Tg = Ta+Rm(rbr)/dCp
(11) M = 0.977AdCp(Tb-Tg)/(rhr+rb)
(12) TE = 2x sum of all M for one night
®From Keister (1981).
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Appendix 3. Classification function coefficients using site 
characteristics for the FCR, AMR, and FPS.
Both roosts and the FPS
Y = -75.35683 + 2.055738(height) + 0.293169(dbh) + 0.2066811(s1ope) +
0,00990539(density) + 8.05225(structure class).
If Y < 0, then FPS; if Y > 0, then both roosts.
The FCR and the FPS
Y = -76.68826 + 2.688406(height) + 0.0l000l05(dens1ty) +
0.1229I54(slope) + 5.71280(structure class).
If Y < 0, then FPS; if Y > 0, then FCR.
The AMR and the FPS
Y = -33.10970 + 2.155407(height) + 0.5287359(s1ope) +
13.527302(structure class) - 0.3190189(aspect).
If Y < 0, then FPS; if Y > 0. then AMR.
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Appendix 4. Mean nightly temperatures at the FCR and the FPS, 1981 and
1982.
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Appendix 5. Nightly temperatures at the FCR and the FPS, 2-6 November
1981 and 1982.
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Appendix 6. Mean nightly windspeeds at the FCR and the FPS, 1981 and
1982.
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Appendix 7, Nightly total metabolic energy requirement for a bald eagle
at the FCR and the FPS, 1981 and 1982.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
250-1 1981SITE
FISH CREEK ROOST 
MCDONALD CREEK FPS
Oo
h-
ZUJ
2UJCU 200
scr
o
cl:UJzUJ 150 -
o
OCD
UJ
100
DecOct Nov
^  250
“Ou
I—
ZUJ
UJZ  200
z
OUJz
y- o  z z  z
UJ
o
zoCD 
UJ
MONTH
150 -
100
SITE
FISH CREEK ROOST 
MCDONALD CREEK FPS
1982
Oct Nov 1 Dec
MONTH
88
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Appendix 8. Nightly peak metabolic production rate for a bald eagle at
the FCR and the FPS, 1981 and 1982.
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Appendix 1. Age, sex, and residency of 12 transmitter-equipped bald
eagles in Glacier National Park, 1981.
Eagle
ID# Age Sex
Residency
Date Days
A80 juvenile female 4 Oct - 2 Nov 29.0
A81 juvenile male 6 Oct - 24 Nov 49.0
A82 juvenile female 12 Oct - 27 Nov 46.0
A83 juvenile female 16 Oct - 4 Nov 19.0
A84 2 years female 17 Oct - 24 Oct 7.0
A85 5 years male 2 Nov - 14 Nov 12.0
A86 2 years male 2 Nov - 24 Nov 22.0
A87 adult female 9 Nov - 14 Nov 5.0
A88 3 years female 20 Nov - 13 Dec 23.0
A89 adult female 24 Nov - 25 Nov 1.0
A90 adult male 27 Nov - 29 Nov 2.0
A91 5 years female 28 Nov - 29 Nov 1.0
1981 mean residency 18.0
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Appendix 2. Age, sex, and residency of 13 transmitter-equipped bald
eagles in Glacier National Park, 1982.
Eagle
ID# Age Sex
Residency
Date Days
A92 juvenile male 5 Oct 0.5
A93 juvenile female 10 Oct - 13 Oct 
14 Oct - 30 Oct
19.0
A94 juvenile male 15 Oct - 21 Nov 37.0
A95 2 years female 15 Oct - 16 Oct 1.0
A96 5 years male 18 Oct - 20 Oct 2.0
A97 2 years female 26 Oct - 27 Oct 1.0
A98 3 years female 1 Nov 0.5
A99 juvenile female 14 Nov - 22 Nov 8.0
AOO adult female 14 Nov - 19 Nov 4.0
AOl 3 years female 21 Nov - 22 Nov 0.5
A02 adult male 22 Nov 0.5
A03 2 years female 8 Dec - 9 Dec 1.0
A04 adult male 17 Dec - 18 Dec 1.0
1982 mean residency 5.8
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